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Background: Modulation of atrio-ventricular (AV) delay during biventricular pacing can maximize left ventricular (LV) performance; however, there 
is no consensus on the choice of method for achieving hemodynamic optimization. We hypothesized that understanding the phasic changes in LV 
blood flow using high-resolution contrast Echo particle image velocimetry (EPIV) may aid identification of an optimal AV delay.
Methods: Contrast EPIV was performed in 20 subjects including 10 patients with programmed pacemakers and 10 controls. Following baseline 
recordings, AV time delay was altered using a sequence of physiological, short, and long AV delays for obtaining 45 sets of repeated EPIV 
observations.
Results: In controls, LV late diastolic flow resulted in a clockwise vortex at 40% depth inside the LV with outflow velocity that reached 37% of the 
peak ejection velocity. In comparison, patients with pacemakers showed a vortex at 50% depth (P=0.001) with lower outflow velocity (P<0.001, Fig. 
1). The LV outflow velocities correlated with the AV intervals (R=0.61, P<0.001) and vortex strength (r =0.7, P <0.001). Pacing at incremental AV 
delays resulted in optimization of vortex strength and improvement in outflow velocities (P<0.001).
Figure 1
Conclusions: EPIV may be a useful technique for understanding hemodynamic mechanism underlying pacemaker AV interval optimization. An 
optimal AV delay improves the strength of vortex formation, which conserves atrial flow for LV ejection.
